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ABSTRACT 



A lithium ion source capable of delivering low energy, 
monoenergetic beams of rectangular cross section, has been 
developed for use in the study of low-energy atomic, ionic, and 
molecular impact phenomena. An analysis of the spatial and energy 
distribution of the ion beams extracted from the source was made 
over the range of ion energies from 1.2 ev. to 100 ev. with particular 
attention given to beams with energies less than 25 ev. The exper- 
imental equipment and procedures are described. For the beams of 
low energy the intensity of the beam was limited by the space charge. 
The beam intensity in this space charge limited condition was 

approximately one third of the theoretical limit. Total beam 

-8 

intensities ranged from a few times 10’ amps at the lowest energies 
to a few times 10 amps at the higher energies with corresponding 
energy spreads of 1.1 eV to 1 0*3 eV. Typical beam dimensions 
are 1.0 cm by 2.0 cm at a distance of 5.0 cm from the gun with an 
aperture 0.47 cm by 1.5 cm. 

The writer wishes to express his appreciation for the assistance 
and encouragement given him by Professor Otto Heinz of the U. S. 

Naval Postgraduate School and for the experimental and technical 
assistance given him by Dr. D.C. Lorents and Mr. R. Leon of 
Stanford Research Institute in the course of this investigation. 



ii 



TABLE OF CONTENTS 



Section Title Page 

I. Introduction 1 

II . Experimental Equipment and Procedures 3 

III. Theoretical Considerations 9 

IV. Results 15 

V. Summary 21 

VI. Bibliography 37 

Appendices 

1. Description of vacuum system and experimental 

chamber 38 

2. Details of the construction of the ion gun 45 



iii 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Schematic of Ion Gun and Collector 4 

2. Richardson’s Law Plot 10 

3 . Ion Beam Spreading Due to Space Charge 12 

4. Total Beam Current as a Function of Accelerating 

Potential 22 

5. Total Beam Current as a Function of Accelerating 

Potential 23 

6. Total Beam Currents as a Function of Accelerating 

Potential, Comparison with Space Charge Limited 
Emission Current 24 

7. Horizontal Beam Profile, x = 6.7 cm. 25 

8. Vertical Beam Profile, x = 6.7 cm., T = 825°C. 26 

9. Vertical Beam Profile, x = 5.1 cm., T = 825°C. 27 

10. Vertical Beam Profile, x = 3.2 cm., T = 825°C. 28 

11. Vertical Beam Profile, x = 3.2 cm., T = 825°C. 29 

12. Vertical Beam Profile, x = 3.2 cm., T = 870°C. 30 

13. Vertical Beam Profile, x = 3.2 cm., T = 790°C. 31 

14. Vertical Beam Profile at Higher Energies, 

x = 5.0 cm., T = 810°C. 32 

15. Beam Heights as a Function of the Accelerating 

Potential 33 

16. Ion Beam Energy Curves 34 

17. Ion Beam Energy Curves 35 

18. Ion Beam Energy Curves 36 

19. Schematic of High Vacuum System 39 

20 . Vacuum System Wiring Diagram 41 

21. Experimental Chamber and Vacuum "Tee" Showing 
the Position of the Ion Gun as Mounted in 

the Chamber 44 



IV 



Table of Symbols and Abbreviations 



d 

e 

E 

4 E 

Ic 

Ii 

Ji 

k 

mi 

Mi 

n 

T 

V a 

Vd 

x 

£ 

<P 



distance between electrodes 
charge of the electron 
average energy of the ion beam 
energy spread 
collector current 
ion current 
ion current density 
the Boltzmann constant 
mass of ion 
atomic weight of ion 
ionization state of Ions 
temperature of the emitter 
accelerating potential 

stopping potential applied to slit plate 
distance along beam axis 
base of Naperian logarithms 
work function 



v 



I. INTRODUCTION 



A lithium (or other alkali) ion source capable of delivering 
low energy, monoenergetic beams has been developed for use in the 
study of low-energy atomic, ionic, and molecular impact phenomena. 

The energies of interest in this research are in the 0.5 to 25 ev. 
range for both the ion beams and the neutral beams obtainable from 
them. These energies are considerably above the energies of "thermal" 
beams (.02-. 2 ev.) and below the energies easily produced by the 
more conventional ion sources employing some form of gaseous plasma. 
Since theoretical treatments of interactions in this energy range 
are difficult, we must at present rely largely on experimental data 
for our understanding of these processes. On the other hand one of 
the difficulties in developing a detailed theory in this energy 
range is the scarcity of experimental data on such low-energy re- 
actions as charge -transfer, ionization by electronic collisions, 
elastic and inelastic scattering processes, ion-atom interchange, 
surface reactions, etc. 

In the past, experimental techniques for studying reactions of 
neutral particles in this energy range in the laboratory have been 
limited to the shock tube . While many important results were 
obtained from this work, the development of more direct methods of 
measurement of cross sections and reaction rates would be extremely 
valuable . 
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At the present time, there seem to be two schemes for producing 
beams of atoms or molecules in the desired range. A method developed 
at Cornell Aeronautical Laboratory '-^obtains a beam from a shocked 
gas. The Kantrowitz-Grey k expansion nozzle is used to expand th« 
shocked gas, reducing its temperature and increasing the translational 
velocity of the gas . 

The second method begins with a reasonably mono- energetic ion 
beam and partially transforms this ion beam to a neutral beam by a 
charge-transfer of the type A + +B-»A +B + . This method has previously 
been used to produce neutral beams at energies down to 25 ev. ^ 4 
At energies below 25 ev. the attainable beam intensities are low due 
to space charge limits on the intensity of the ion beam, but with 
refined detection techniques this is not too serious a limitation. 

The alkali ion source reported here is able to provide well 
defined ion beams (both spatially and in energy) of useable intensity. 
By the use of the charge- transfer process in a gas corresponding 
neutral beams of comparable intensity, energy and spatial distribution 
should be obtainable from this ion beam. We thus have a primary beam 
which can be used either directly (ions) or after charge-transfer 
(neutrals) . By directing this primary beam into a gas or permitting 
it to interact with another molecular beam, reactions of known species 
can be observed and their interaction cross-sections measured as a 
function of energy. 
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II. EXPERIMENTAL EQUIPMENT AND PROCEDURES 



The experimental equipment for carrying out this research 
project consists of; 



1. 


The 


vacuum system 


2. 


The 


experimental chamber 


3. 


The 


ion gun 


4. 


The 


ion collectors 


5. 


Measuring instruments 



The vacuum system is a high volume, high vacuum pumping station 

upon which is mounted the experimental chamber. A detailed description 

of the vacuum system and the experimental chamber is found in 

Appendix 1. The vacuum system is capable of providing working 
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pressures of 1.0 x 10“ torr to 1.0 x 10“ torr in the experimental 
chamber. 

The ion gun consists of an emitter and accelerating electrodes 
which are mounted in a lavite holder to provide maximum freedom to 
adjust the parameters of the ion gun. The principal features of the 
ion gun are shown in Fig. 1. The design of the electrodes is based 
on the Pierce principle of focusing space charge limited beams of 
charged particles l ‘ u ' 1 . 

The lithium ions are produced by thermionic emission from the 
mineral beta-eucryptite on the face of tantalum emitter. The emitter 
is heated by a tungsten filament which is wound in a flat coil and 
embedded in Alundum cement inside the emitter boat. The mineral 
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Emitter boat. Tantalum 



Figure 1 
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Figure 1. Schematic of ion gun and the collector used for analyzing the energy of the 
beam (side views) „ 




beta-eucryptite is a ceramic that has the chemical formula 

L^O AI2Q3 2SiO, . This material may be produced from Lithium 

Carbonate (Ia^Ct^) , Alumina (AI2Q3) and Silica (Si02) as described 

by Allison and Kamegai® and by Waldron i The Li + beam from this 

source has been found to be quite pure. A crude mass spectrograph. 

search for impurities by Allison and Kamegai ^ revealed a peak at 
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mass 23 with an intensity of 5% relative to the Li peak. This was 
presumably Na but could have conceivably been LiO . Further details 
of the construction of the ion gun may he found in Appendix 2. 

During the course of the experiment three ion beam collector 
assemblies were used. The first collector assembly used consisted 
of a simple 2.0 by 2.25 inch stainless steel paddle mounted on a 
stainless steel rod. The assembly entered the chamber through a 
Wilson type seal mounted on the side- port- flange of the experimental 
chamber. The purpose of this collector assembly was to measure the 
total ion beam and to determine the approximate horizontal beam 
profile. The total ion beam was measured over the range of 
accelerating potentials for several values of emitter temperature. 

The horizontal beam profile was determined by measuring the 
total ion current to the collector as the collector was moved across 
the path of the beam. The increase in total beam was then determined 
for each mm. of collector movement until the collector was intercepting 
the entire beam. This procedure was used to give an approximate 
horizontal profile, and was not intended to be an exact determination. 

The second collector assembly consisted of two parts, a slit plate 
and a collector. The slit plate was a 2.25 by 2.25 inch stainless 
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steel plate with a one-sixteenth inch horizontal slit running the 
width of the plate. The collector was a plain two by two inch 
stainless steel plate which was mounted one-fourth inch behind the 
slit plate on ceramic standoffs. The collector was mounted on a 
stainless steel rod which entered the top of the chamber through a 
Wilson seal and was free to move vertically. The purpose of this 
collector was to determine vertical profiles of the beam at all 
energies and for several values of emitter temperature. The vertical 
profile was determined by measuring the ion current that passed through 
the slit as the collector assembly was moved vertically through the 
beam. The slit plate was at ground potential and the collector 
plate was grounded through the micro-mieroammeter . 

The third collector assembly was similar to the second collector 
assembly except that there was a grid located in front of the slit. 

A schematic of this collector is shown in Fig. 1. The main purpose 
of this collector assembly was to obtain an energy analysis of the 
beam. The grid plate consisted of a two by two inch stainless 
steel plate with a 0.25 inch slit horizontally across the center. 

A grid was constructed of 0.005 inch diameter nickel wire spaced 
20 vertical wires per inch and two horizontal wires running the 
length of the 0.25 inch slit. The grid had approximately 90% open 
area for minimum beam attenuation. For further beam profile deter- 
mination using this collector assembly, both the grid plate and slit 
plate were at ground potential and the ion current reaching the 
collector through the one mm. slit was measured on the micro- 
microammeter as the collector assembly was moved vertically through 
the beam. For energy analysis of the ion beam the grid plate was 
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